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Objective : to bring together representatives of
Synchrotron Radiation scientists and accelerator physicists
- with a view to evaluate
a the first operation experience of 3rdGLS,
u the directions to investigate for the 4thGLS
ultimate performances of ring sources
expectations from linac driven FEL sources

| WG n®1 Scientific opportunities for 4thGLS, VUV/soft X-rays | Lindau

WG n°2 Scientific opportunities for 4thGLS, hard X-rays J Als Nielsen
| WG n°3 Diffraction limited Storage Ring sources :
lattice, stability M Cornacchia
WG n°4 Diffraction limited Storage Ring sources : |
current, lifetime, time struct A Hofmann
WG n®5 Linac driven FEL sources C Pellegrini |
WG n°6 Storage Ring driven FEL sources M Poole

WG n°7 Insertion Devices R Walker
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Wish list
from WG n°1 and WG n®2
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Wish list drawn by the scientists

Higher performances are welcome
Science will follow

3rdGLS 4thGLS
Lower emittances 4 nm 0.01 nm
Shorter pulses 10 -100 ps 100 fs |
Average Brilliance, Brightness, Flux <10% Higher
Peak Brilliance, Brightness, Flux < 5.10% Higher
Tunability 0.5 A<h,<1.5 A

Multiple (~30) beam facility
Fundable construction and operation costs
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WG n°3
Storage ring Limits
Higher Brilliance
More Transverse Coherence
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Storage ring based X-Ray sources

| e Chart of achieved Brilliance |
| Bipe2 R . |
2 Achieved One generation takes about 20 years to reach
|~ 1420 : maturity ;
o 3rd generation T 1975 ‘st scientific case for the ESRF |
| e Tergeted ol 11 1985 Decision to construct !
E s| 1995 ESRF experimental hall near completion |
E1E+18 . g |
X 2nd generation 2| Review of 3rd GLS achievements
glEa} ‘t Target brilliance in the 10 * range
G Ist generation—~—.g ¥ > smaller e beam emittances
£ 1E+12 @ o undulator sources
&1E+1ﬂ I g | reached and surpassed : in the 10 2 range
g X-Ray Tubes 2 1
| S1eeos / g | 5 orders of magnitude above 2GLS
| & 18408 |——————t _ 2 | Search for even higher performances
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£35S 310 sa s How far do we stand from Diffraction Limit ? |
30 SDU
onle  1GLS Undulator photon beams associated
308 54107 ~ BV o By with a single electron
300 3000 G )
1E-5 ' 4-\."5

=310 at 70 eV UV
=180. 10" at 1.2 keV X-rays
=18. 10" at 12 keV hard X-rays

Most advanced 3GLS undulator beams
are diffraction limited in

m
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glectron beam

> both V and H planes for UV beams
> V plane only at shorter A's

Based on the present radiation

principle in an undulator
the ultimate limit is reached

oA factor 30 (300} could still be
gained in the H plane for X-ray |
{hard X-ray ) sources |
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Generations of storage rings




X-Ray case : To obtam a high degree of coherence, 7

constraints are to be satisfied by the optics of the ring

. The one electron photon
beam emittance

i
L
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| Horizontal ° s . 10*4{1% . | Vertical
=2 = a e o

plane ¢ = 18, 10 at 12 keV & plane |

. |

-
-

Position Z

Resulting emittance = €,

Resulting emittance Near the diffraction limit a good

= matching of the electron beam
Electron beam emittance with respect to the photon
emittance beam emittance associated with a

single electron is necessary
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._fﬁgher brilliance at hrgher undulator harmonics I;

SRF ﬁ Gev X-R‘ay ring Target FPR 1999 operation
1E2 : . Current  0.1A 02A
1 — By 7nm*rad 3.7 nm*rad

Er 0.7 nm*rad 18 pm*rad
Und Gap 20mm 8 mm+shims

2

gr‘é Uﬁ:‘;d‘};’;ﬂf S A =13 Ertlliancg m‘? (14keV) 10% o

2 1E19 =y No energy widening + spectrum shimming

g v Undulator radiation up to h=13

% 1E18 ftmeid i 10" at 70 keV better than wiggler

5 : Up to now no big interest in higher energies :
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E=1 keV
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Can we further reduce H emittances ?
to produce X-ray diffraction limited beams in both planes
= a reduction of & by a factor ~100

' Increased storage ring size (Chasman-Green)
Np= 2 Ngg ; ©p =05/2) number of cells x by 2 ; circumference x 2

for a 3 GeV ring, 32 periods, 700 m circumference (~ ESRF)

T /4 stronger & sextupoles, lower dynamic aperture, ©=0,/4) ;€€ T, =27, ;
<> gain a factor 2° = 8 (heating by radiation/16 and damping/2)

significant reduction of H (V maintained at the limit) and // beam sizes . Intrabeam

scattering makes emittance reduction (<4 for 500 mA) much less effective

Increased damping

Allm=0 ID straight sections (200 metres) filled with damping wigglers thus occupying
all the high brilliance sections ; AE=4 AE,
reduction of the damping time 1, =17,,/4

c> gain another factor = 4

| Resulting Touschek lifetime is dramatically shortened (factor 15 V at the diff. limit)

<> Acceptable for damping rings but not for light source storage rings

> Saturation of SR X-Ray light source Brilliance in the 10% range
slightly below the diffraction limit in the horizontal plane

T

B-fibire @ 100 o (Werore o 15 gm) fmag.fﬂg fEChnch can DEHEﬁt frﬂm maore
coherent X-ray beams
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Time structure
Short bunches

Permmanent Injection

WG n°4

Lifetme

Diffraction pattern

of a biological specimen
Single passage of a bunch of
210" e". About 10 000 identifiable
spots alfowing for detailed
characterization of the specimen
and its possible evolution with time

g
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Use of the time structure ot synchrotron radiation
Scientific case for dynamic studies with short or extremely short bunches (single
bunch and a few bunches) presently 10 - 20 % of the experiments

Search for short bunches higher peak brilliance (5.10° upper limit)

Low emittance (o<<1) lattices are not the solution
for very short bunch production
currently 5, ~ a few 10's ps
—w S0, mﬁ‘tDRFvRF}UE

wparpy walasag (50 wAY

Eelakv HLHEY Sviiae

Lengthening and wﬁg{éﬁf | C;'f I
a 2.10" & single bun;_:E oy It
f~1kA Re(Z,/p)~0.043 % =

Microwave Instability




! Compremnse between Brllllance and Teusehek I|fetime
. High density-Touschek scaﬁenr%sspamclee large

" longitudina trensfersef unless lange
acceptance : R (g?v ysical aperture, \ Chromatic orbit + AE
| dynamic ajethre for large E deviations
Ring axis
P speners] ~ Chromatic orbit -AE
“ : [k Lums_:

Permanent injection
a way to improve performances ?

% imm)]

Periodic reinjection
LK

J A 4 | e . I
/ | |

Nomal current decay

At many places AE/E acceptance is too small and
brilliance is spoiled on purpose to lengthen lifetime

Tested at several places
Integrated in the design of new projects
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In the mean time, all pending questions on rings were answered

More coherence
Lower emittances,
IBS,
Touschek,
Energy acceptance
Higher peak brilliance
Operation in quasi-isochronous mode,
a1<<1, longitudinal chromaticity o2
short and intense bunches,
o1<0
Bunch lengthening and widening
ID’s
Minigap and in-vacuum undulators
Permanent injection




WG n°5
Linac driven FEL's

Up to 12 keV the demanding e-beam conditions for SASE to develop in a long
undulator are achievable

SASE FEL at the priaean
e Poy = 3GW
TESLA Test Facility F:;,::;;gm_%‘-:‘m“
m.p.length = 300 s
electron bear] IIIIIIIIIIIIIIIIIII! e S 1o
f:d: ?-flf.rnrn mrad ; o
@ = QDOSmm :
auly = L0
jy = 2000
undulatar B weam dump
A, = 273mm
B = 04377
'] = 1000
gap = 1EZmm

log (rad .power)
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The peak brilliance is the figure of merit of linac driven SASE FEL's
10 orders of magnitude higher than that of 3rd GLSrings
extra short pulses, very small emittances and energy spread
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Modified from C Polfagrin
EPAC 98 plonary sessian
Radiation & (&)
£ Radiation energy (24
25 e- beam emitiance
10 { nem rad}
Pulse langth (ps}

TTI-FEL

Feak Brilliance [Photf{sec - mrad”  mm” - 01% bandw,]]

4 Awerage Brilliance

. photisimrm’/mrad?/0.1%] _

1021 |

lﬂl‘j 1 1 |
w 10t w 1w 1 1w -

Energy [eV] |

Average Brilliance [Phot/{sec - mrad” - mm® - 0.1% bandw.)]

Up to 12 keV, linac driven SASE FEL’s are 4 (6)
107 Y e orders of magnitude better in Average Brilliance
A B PR when compared with ring ultimate limits

- (achieved performances) TESLA > 1000*LCLS
TTF FEL TTF FEL TESLA
—_— e Phase Phase2 | X-ray FEL
Im e~ beam ensrgy (Gev) 0.3 1. 25,
Radiation & (A} 70 B 1
Radiation enamy (gY) 17 193 12 DOO
undulzstar pariod fmm} 273 73 50
unidulater langth fm) 135 27 &7
| emittanca = {x nm rad) 14 1.0 0.04
Peak electron cument (A 500 2430 5 000
M* of elecirons par bunch §.24 10° §.24 10° B.24 107
N" of photons per bunch 1710 IR 70
rms enercy spread oy 17107 1107 0.04 107
rins bunch length o (pm) 250, &0. 25
Lg {power gain Ienglh} (re} 0.6 1.00 4.1

| Psal (satur aak e

unch frain len

Mumber of bunches parlrain | Upto7 200 | Upto7 200 | Upto 11 315
Rapalilion rate (Hz) 10 10 [

Between12 and 70 keV, the Average Brilliance

10¢ Produced by the spontaneous emission from a 25

(50) GeV e-beam in a ~100 m undulator is 1 (2)
order(s) of magnitude larger than that of rings

FIGURES FOR FLUX ?
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Most of the activities

eitivie-s N tarere, PURROEES were launched
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@ € :?%“ 2 aadotom Progresses slower

| | than anticipated but
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WG n°6
Ring FEL's




‘ Ring driven FEL

QOutput power 0.1 - 1 W down to 200 nm,6 eV (fundamental) in user facility mode ‘
| Brilliance ~10% [phot/s/mm>/mrad0.1% bw]

damages to mirrors

achievements of high | at low e-beam E = bunch lengthening and widening

LEL IR

Harmonic generation very promising
A<100 nm - 20 nm or less (4nm, 300 eV ?)
Output powers 10 - 100W (average)

10 - 100 MW (peak)
Brilliance ~10%* - 10%°
Long SS in ring design

Synchre

S LEL UV ANNN

In the mean time,

several ring FEL devices were started Duke, Delta,
bunch length was reduced on Super-ACO,

R&D on mirrors is continuing,

a european R&D programme was launched




WG n°7
Insertion Devices

The conclusions of the working group were :

| 1) Technology adequate for construction of ID’s for both :
Diffraction limited Rings
Storage Ring FEL’s

(Fantastic progresses were made in the mean time)

2)R&D required for linac driven SASE FEL'’s :
Quality for long devices (phasing ?)
Introduction of focusing in the 1D structure or between
segments




